Abstract. We report new results on the liquid to solid phase transition of benzene. We determine experimentally and investigate the properties of a number of parameters of the benzene metastable state under different pressures (from 0.1 up to 2200 atm). It is shown that the supercooling, pressure drop, incubation period, time of abrupt transition from the metastable state to the crystalline state, and time of isothermal freezing all decrease as the external pressure increases, then they all vanish at 2200 atm and 356 K which may mark the end-point of metastability. Quadratic interpolation formulas for these parameters are provided. The densities and molar heat capacities of supercooled benzene under different pressures have been calculated too.
Introduction
In modern science the investigation of the metastable states of matter has always been a fruitful and a fascinating subject. These are relatively stable states with an energy higher than that of the state of the system with least energy (the ground state). They have a longer lifetime than the other excited states and, in contrast, a shorter lifetime than the state of least energy. Applications of metastability results range from atomic spectroscopy (energy levels of atoms and light emission), population inversion in lasing media (the population of the metastable state can exceed the population at the ground state), to thermodynamics (for instance, diamond, polymers, martensite, and fullerite are manifestations of metastability).
In thermodynamics metastable phases behave just like stable states; in that, within a certain region in the temperature pressure plane [1] , the metastable phases, if subject to undergo phase transitions, the latter are reversible and obey the equilibrium laws of thermodynamics.
Benzene is a prototype of the aromatic hydrocarbons and it is an object of numerous experimental and theoretical studies [2, 3, 4, 5, 6, 7, 8, 9, 10] (other references will be cited sequentially). In the literature, the benzene precrystallization metastable state at normal pressure has been mainly studied by the thermal pre-treatment of the liquid phase; this pre-treatment influences the degree of supercooling (undercooling) relative to the melting temperature T fus [8, 11] . Moreover, to the best of our knowledge, there are practically no studies of the pressure effect Send offprint requests to:
on the liquid benzene pre-crystallization metastable state. A first investigation of this kind has been carried out in Ref. [7] where we have followed a technique similar to the one presented in this work. We have been able to determine the values of the molar volume and enthalpy changes at the solidification points under permanent high external pressures ranging from 20.6 to 102.9 MPa.
In the present work we studied experimentally the effect of pressure on the behavior of benzene metastable states.
Materials and Methods
Benzene was purchased from Cherepovet Nitrogen Factory and used without further purification (Table 1) . With the help of the experimental facility shown in Fig. 1 we have measured and controlled the following parameters of the benzene metastable state. The pressure p, the container temperature, the freezing (crystallization or solidification) temperature T cr , the temperature T n in the low point of the metastable state (i.e. the nucleation temperature that we could reach by cooling the liquid benzene before it turned into a solid state), the supercooling ∆T ≡ T cr − T n , the pressure drop or difference ∆p at the initial stage of explosive crystallization, the time t 1 is the incubation period of the liquid phase in the metastable state, the time t 2 of abrupt transition from the metastable state to the crystalline state, the time t 3 of isothermal freezing, and the total time of solidification t tot = t 1 + t 2 + t 3 . Referring to Fig. 2 , ∆T is the temperature at point b minus the temperature at point c and ∆p is the pressure at point c minus the pressure at point d.
To carry out the experiments, the whole system was vacuumized. The measuring vessel (4) was filled with benzene of volume 10 cm 3 . Before cooling, the whole system was correspondingly pressurized. It was evident from the experiments that the system cooling rate and pressure had a direct influence on the metastable state of benzene. To maintain the same 0.85 K/s cooling rate in all experiments, we controlled the flow of the nitrogen vapor delivery from the Dewar container (5) into the copper tubes (14) with the help of the vacuum pump (7) . The rate of nitrogen vapor feeding was regulated by the regulator (6). The system was pressurized with the help of the pneumatic press MP-2500 (1): It is the most accurate and stable pressure device that gives the best repeatability of the measurement results. The technical specifications of the manometers are compatible with GOST R 8802-2012. The pressure was measured by a dead-weight pressure gauge tester with a relative standard uncertainty u r (p) = 0.005. The temperature was measured by the self-potentiometer KSP-4 (9) and the Chromel Copel thermocouple. The thermocouple was kept straight in the benzene sample. The standard uncertainty of KSP-4 devices is u(T ) = 0.2 K. The thermo-grams were recorded in the temperaturetime, T -t, coordinates with the pressure being fixed. All measures were performed in the range of temperatures from 278.5 K up to 368.0 K.
Experimental results
Let us first analyze two schematic thermo-grams of benzene cooling (Fig. 2) without (I) and with (II) a metastable area of benzene of volume 10 cm 3 at 0.1 atm. The first thermo-gram characterizes a supercoolingfree equilibrium crystallization (∆T 0). Such thermograms are determined after a short phase of pre-heating of liquid benzene followed by a cooling process [8] . On the path a → b, the liquid phase cools down and on the path b → e the isothermal crystallization takes place at 278.5 K. This temperature coincides with the benzene melting temperature T fus [4] . On the path e → f , the solid benzene cools down. This corresponds to an supercooling ∆T = 0 K If the cooling starts from the point a in the thermogram II (with higher temperature than that of the point a in the thermo-gram I, corresponding to an overheating of about 5 K relative to T fus : we mostly worked with T a = T fus + 5 and T a = T fus + 15), another shape of the T -t curve is observed. The temperature approaches the area of supercooled states along the path b → c with T n = 258.5 K (corresponding to an supercooling ∆T = 20 K). The time t 1 160 s is the incubation period of the liquid phase in the metastable state. As the time t 1 elapses, the temperature starts rising quickly from the point c to the point d and the process lasts t 2 6 s during which the rate of adiabatic process on the segment cd remains 4 K/s. Keeping in mind that the system cooling rate is ∼ 0.85 K/s 4 K/s, the heat losses into the environment can be neglected and the equation of heat balance can be written as
where m x is the mass of the solidified part of the sample after the metastable state has elapsed, m = 8.8 g is the mass of the whole sample of benzene, C p = 1.759 kJ/(kg K) [or C p = 0.137 kJ/(mol K)] is the molar heat capacity at constant pressure, ∆H fus = 128 kJ/kg [or ∆H fus = 9.98 kJ/mol] is the enthalpy of benzene melting [12] . These values of the enthalpy and heat capacity are temperature dependent [7] and here we are providing their values at T = 278.5 K. From this formula one can calculate the fraction of the volume (or mass) of the solidified benzene that has reached the metastable state:
That is m x 2.4 g. Hence, in the thermo-gram II, the remaining part of benzene, β = 1 − α = 0.73 (or 6.4 g), freezes in a time t 3 = 260 s at the temperature 278.5 K. Thus, the total time t tot of the whole process of solidification is 426 s.
The relative real concentration α(t) ≡ v(t)/v, which is a function of time, is given by Avrami equation [8] , α(t) = 1 − exp(−Kt n ), where K and n are constants, is such that the remaining fraction of the liquid phase(s) β(t) = 1 − α(t) = exp(−Kt n ) is a decreasing exponential function of t. Here v(t) is the instantaneous volume of the crystallized or solidified clusters at t in a metastable liquid phase. Since t in bounded from above by the incubation period t 1 (t ≤ t 1 ), in practice this concentration remains in the range of 0.37 ± 0.01 at the end of the metastable state for all pressures.
The above balance formula (1) allows one to determine an upper limit for the maximum supercooling ∆T max . Since m x m, one obtains ∆T max ∆H fus /C p . For benzene this yields ∆T max 73 K. To the best of our knowledge, as table 2 confirms it, this upper limit was never exceeded.
As is well known, the supercooling ∆T depends on many factors. In Sec. 5, we will illustrate by example how to use the graphical method to determine an extrapolated value of the maximum supercooling, which as we shall see, is well below the upper limit of 73 K. Table 2 . Parameters of the metastable and freezing states of benzene: the external pressure a p, the freezing temperature Tcr (= T d = Te Fig. 2 ), the temperature Tn in the low point of the metastable state (i.e. the nucleation temperature that we could reach by cooling the liquid benzene before it turned into a solid state), the supercooling ∆T ≡ Tcr − Tn, the pressure drop ∆p at the initial stage of explosive crystallization, the incubation period t1 of the liquid benzene stay in the metastable state, the time t2 of an abrupt transition from the metastable state to the crystalline state, the time t3 of isothermal freezing, and the total time of solidification ttot = t1 + t2 + t3. Referring to Fig. 2 , the supercooling ∆T ≡ Tcr − Tn is the temperature at point b minus the temperature at point c and the pressure drop ∆p at the initial stage of explosive crystallization is the pressure at point c minus the pressure at point d. thermo-grams, similar to the thermo-gram II depicted in Fig. 2 , have also been obtained for other static pressures p up to 2200 atm. Table 2 provides the temperatures T cr , T n , T d , T e corresponding respectively to the points b, c, d, e in the thermo-grams, the pressures p c and p d corresponding respectively to the points c and d, the supercooling ∆T , the pressure drop ∆p at the transition temperature from the point c up to the point d, and the time intervals t 1 , t 2 , t 3 , t tot for 23 different values of the external pressure.
From table 2 it is obvious that as the pressure increases the temperature of freezing T cr increases too and, as expected, the other parameters (∆T , ∆p, and the time intervals t 1 , t 2 , t 3 , t tot ) decrease.
To illustrate these changes, we have depicted in Fig. 3 separate thermo-grams at the pressures p = 0.1; 500; 1000; 1500 and 2200 atm. At the corresponding freezing points one can expand the functions
, and t tot = f (p) as follows.
where
where A 3 = 32 atm, B 3 = 3.2·10 −2 , and C 3 = 7.794·10
where A 4 = 160 s, B 4 = 0.179 s atm −1 , and C 4 = 4.980 · 10 −5 s atm −2 .
where A 5 = 426 s, B 5 = 0.480 s atm −1 , and C 5 = 1.342 · 10 −4 s atm −2 . Relying on these data one concludes that the curves T cr = f (p) and T n = f (p) intersect at some point M (Fig. 4) at and beyond which (that is for T ≥ 356 K) the metastable state parameters ∆T , ∆p, t 1 , t 2 , t 3 , and t tot vanish. Table 2 . In references on the Kauzmann paradox, Tn is denoted by Tg (the glass temperature). TK is the Kauzmann temperature (intersection of the black and dashed curves).
4 End-point of the metastable state
In our experiments, the deaerated liquid benzene completely filled the rigid container. The isochoric cooling resulted in a pressure drop ∆p that is roughly related to
if ∆p is small. Here κ T and α are the isothermal compressibility and the thermal expansion coefficient: V κ T = −(∂V /∂p) T and V α = (∂V /∂T ) p . However, as is well known [6] and Table 2 confirms it, the pressure drop is very pronounced in the vicinity of the triple point and around it for an isochoric cooling process. In this case, the second (∆p) 2 , and probably the third (∆p) 3 , terms in the series expansion (7) are needed. In any case, we have a proportionality relation between ∆T and ∆p:
Let us first note that if one parameter, say ∆p, vanishes at some point on the melting curve in a p-T diagram, the other parameter, in this case ∆T , also vanishes and conversely. The vanishing of one or the other parameter at some point on the melting curve may mark the absence of liquid metastability at that point. When this is the case, we label such a point the end-point of metastability. That is, in a p-T diagram (p vertical and T horizontal as in Fig. 4) , the liquid phase ceases to exist on the left of the melting curve beyond the end-point of metastability.
For benzene, upon applying different cooling rates, we were not able to observe a state of metastability, within the sensitivity of our experimental set, for p ≥ 2200 atm. This empirically signals the existence of an end-point of metastability at p ep = 2200 atm and T ep = 356 K (see Table 2 and Fig. 3 ). This end-point is denoted by M in Fig. 4 .
The proportionality of ∆V m and ∆S m , mentioned earlier in this section, implies that ∆S m also approaches zero as p approaches 2200 atm. By the Clausius-Clapeyron equation, dp/dT = ∆S m /∆V m , this results in an indetermination in the value of the slope dp/dT on the melting line p(T ), which can be fixed only empirically, as is the case in the paper by Akella and Kennedy [13] where dp/dT assumes a finite value different from zero in the vicinity of 2200 atm (see Fig. 8 of this paper and Fig. 2 of Ref. [13] ).
The existence of an end-point of metastability is justified as follows. Figure 5 depicts the entropy versus the temperature. The black curve represents the entropy of the crystal phase, the blue curve represents the entropy of the liquid phase, the magenta curve represents the entropy of the metastable liquid phase and the dashed curve is the Kauzmann extrapolation of the entropy of the metastable liquid phase. For benzene T cr and T n are given in Table 2 . In references on the "Kauzmann paradox" [14, 15, 16] , T n is denoted by T g (the glass temperature). T K is the Kauzmann temperature (intersection of the black and dashed curves). A liquid phase cannot have an entropy lower than its corresponding crystal or glass phase 1 (the so-called "paradoxical principle" or "Kauzmann paradox"). Said otherwise, a liquid phase exists only for T > T K . Under extreme conditions of high pressure, as is the case with benzene, as the pressure reaches the value of p ep = 2200 atm, T cr → T n → T K , that is the three temperature values are nearly equal. Since the liquid phase cannot exist below T K T cr , the metastable state ceases to exist too at the corresponding crystallization temperature of T cr = T ep = 356 K. We have checked that for p = 2300 
atm there is no metastable state for benzene, however, we do not know if this behavior persists for much higher values of the pressure.
Another point we wish to emphasize is that the existence of an end-point of metastability is not restricted to benzene only. Under extreme conditions of high pressure, this behavior has been noticed in many other materials as shown in the following paragraph. Using the advanced StepScan DSC technique (DSC for Differential Scanning Calorimetry [17, 18] ), it was shown that the supercooled liquid arsenic triselenide (As 2 Se 3 ) may be cooled down to Kauzmann temperature (see Fig 2 of Ref. [16] ). This indicates that As 2 Se 3 may have its end-point of metastability. For the case of benzene we may claim that for p < 2200 atm the nucleation temperatures T n given in Table 2 are much closer, if not equal, to their corresponding Kauzmann temperatures. T n are the lowest values we could reach empirically.
The existence of an end-point of metastability is not characteristic for benzene. We have obtained similar results for meta-toluidine (p ep = 1450 atm), ortho-toluidine (p ep = 1400 atm), benzonitrile (p ep = 1275 atm) and for many other materials that are the subject of our subsequent work. Here the value of the pressure given between parentheses is the pressure at which the metastable liquid phase disappears.
To resume, for benzene the picture we could draw empirically is that the melting curve has, in a p-T diagram (p vertical and T horizontal), a left-hand band of metastability of thickness ∆T (p) that depends on the pressure and extends likely from p = 0 to p = 2200 atm. From the triple point up to higher pressures, the thickness of the band as well as the other parameters of the metastable state are inversely proportional to the external pressure. Table 2 of Ref. [23] where the standard uncertainty on the temperature was u(T ) = 0.05 K but the standard uncertainty on the pressure was not given; however we estimated to be u(p) = 0.1 MPa.
Treatment of the results -The supercooling ∆T
The fact that the temperature T cr and the temperatures at the points (d, e) are increasing functions of the external pressure at equilibrium follows from the famous Clapeyron-Clausius law [3] . To see why the main parameters of the benzene metastable state, (t 1 , t 3 , t tot ), are decreasing function of the external pressure, we should consider the structure of the benzene itself. Based on the charge separation model [19] , it was concluded in Ref. [20] that benzene liquid has tendency to adhere to the Tshaped structure in which, within the first solvation shell (a complete shell around a molecule), one molecule lies perpendicular to its nearest one (see Fig. 8 of Ref. [20] ). We are not concerned with all solid phases of benzene [21] ; however, for the range of pressures we are considering in this work (the moderate pressure regime: p < 20 GPa), the unit cell of solid benzene has the Pbca Z = 4 structure [22] . As can be seen from Fig. 1 of Ref. [22] , this is similar to the T-shaped structure of liquid benzene. As the pressure increases the packing in the liquid benzene mimics that of the orthorhombic phase I (Pbca) of the solid phase rendering the liquid-to-solid transition 'smooth'. This results in a decrease of the degree of supercooling, of the incubation period of a new nucleation phase, and of the time of freezing. As we noticed earlier, the metastable state disappears at the critical point M and beyond it. This point is characterized by some critical values of the temperature 356 K and of the pressure 2200 atm where any difference between the liquid and crystalline states becomes unnoticeable. As we shall see in Sec. 6, other studies reached similar conclusions: for instance, it was shown that the molar volume of solid benzene has almost no jump during the solid-to-liquid transition.
A pressure drop ∆p on the segment cd in the adiabatic process (See Fig. 3 and Fig. 6 ) may take place, as we have noticed. This effect can be related to changes in the benzene density and heat capacity. The estimations show that the relative values of both densities ∆ρ/ρ s (∆ρ = ρ s − ρ l ) and of heat capacities ∆C/C s (∆C = C l − C s ) are within one and the same order with the relative pressure drop ∆p/p. A similar picture is observed if we have to do with molar heat capacities. We have noticed that if the pressure is 300 atm, then the ratio ∆C/(δC s ) is equal to 0.067 [with C s = 116 J/(mol K), C l = 137 J/(mol K) [12] ], which is the same as ∆p/p. Here the parameter δ does not practically depend on p and it is given by δ 2.7.
Taking the above remark into account, we determine the dependence of the liquid density and heat capacity (ρ l , C l ) in terms of (ρ s , C s ) and ∆p/p as follows. Notice that (ρ l , C l ) may be expressed exactly as
where no approximation has been made. Admitting that,
we obtain
The values of the parameters obtained from these formulas are given in Table 3 .
In Fig. 7 we have depicted plots of (ρ l , ρ s , C l , C s ) versus the external pressure p. As seen from the plots, as the external pressure increases p, the supercooled benzene density grows and its molar heat capacity drops from the values corresponding to the liquid state down to the values corresponding to the solid state. As opposed to linear changes of ρ l and C l , the actual changes in the values of these two parameters do not follow the straight path a → b → c → d → e → f . Rather, the changes of ρ l and C l , as functions of the pressure p, take place along the curved path a → b → c → d → e → f . For the lower values of p, ρ l has a sharp increase (C l has a sharp decrease), and then the shapes of the curves noticeably become smooth as ρ l approaches ρ s (as C l approaches C s ). In these plots ρ s and C s are represented by the horizontal lines at 0.97 g/cm 3 (left plot of Fig. 7 ) and at 116 J/(mol K) (right plot of Fig. 7) , respectively. In both plots there are some deviations of the curves ρ l = f (p) and C l = f (p) from the ideal ones but the common tendency of ρ l and C l changes keeps up. Figure 8 is a plot of p versus T using our data shown in Table 2 (rhombuses) along with the parabola
where p is in atm and T in K, which provides a good fit to our data points. We draw a comparison between our Fig. 9 . The graphical method for determining the values ∆Tmax and ∆pmax (thermo-gram I) and minimum temperature Tmin (thermo-gram II) at the pressure of 500 atm. Table 3 . Calculated values of the densities and molar heat capacities of supercooled benzene for different pressure values. Here ∆ρ = ρs − ρ l and ∆C = C l − Cs where ρs and ρ l are the solid and liquid densities of benzene, and Cs and C l are its solid and liquid heat capacities at constant pressure. ∆p is the pressure drop as defined in Table 2 data set and the data set given in Table 2 of Ref. [23] and represented by the five large discs of Fig. 8 . For the same value of the temperature, the discrepancy between the pressure data, which could reach 257.1 atm at around 294.8 K, is manly due to the use of different experimental sets and to the method itself. Similarly, for the same pressure, the temperature deviations are up to 6.7 K. From this point of view it is worth mentioning that phase transitions are "characterized by the hysteresis of melting and crystallization" [24] . This means that the melting temperature is higher than the crystallization temperature with a difference that can reach 400 K [24] . Recall that the uncertainties are u r (p) = 0.005 and u(T ) = 0.2 K while for the data extracted from Ref. [23] the standard uncertainty on the temperature was u(T ) = 0.05 K but the standard uncertainty on the pressure was not given; however we estimated to be u(p) = 0.1 MPa.
In Ref. [23] the temperature is in some sense an 'instantaneous' value, that is, the melting "temperatures were determined by observing the temperature at which the last trace of solid disappears completely" [23] . How is this related to the value of the temperature at the beginnig of the process? In our present work the temperature and pressure were controlled during the whole process of solidification, which lasted up to 426 seconds as shown in Tab. 2. So, our data are average values over all fluctuated values. We have been doing such scientific activities repeatedly for years. One of us (B.İ.) has been working since 1981 on such topics, sometimes under a different name [25, 26] (just to mention but a few references), and he has evaluated the phase transitions of benzene and other substances as well [27, 28] .
The value of the supercooling ∆T depends on many factors. In particular, it is known that it increases as the rate of cooling increases [5] . It is interesting to find out the highest possible supercooling ∆T max and the minimum point T min after which the whole volume of liquid benzene freezes at once. To do this, let us apply the graphical method. The thermo-gram of benzene cooling obtained at the external pressure of 500 atm (Fig. 9) will be taken as an example.
At the maximum supercooling ∆T max (or at the minimum temperature T min ) the adiabatic process of explosive crystallization starts at the point K and the whole sample solidifies at the point e. So, one assumes that the temperature increases along the path K → e in such a way that the line Ke remains parallel to the line cd. To determine the location of the point K, which is the intersection of the lines Ke and ac, we extend the line ac down to the point K in such a way to keep the cooling rate constant (this is achieved upon letting the line aK coincide with the line cK). In this case the point K can be taken as the point corresponding to the minimum temperature T min = T K in the region of metastable states and the temperature difference T cr − T K = ∆T max can be taken as the maximum supercooling. This way we obtained the temperature T min = T K = 260.5 K yielding ∆T max = 26.0 K. As shown earlier, at p = 0.1 atm (∆T = 20.0 K) only 27% of the sample solidifies in the initial stage of crystallization, whereas at 500 atm the whole sample solidifies (where for this case T K T n ).
Besides the above regularities it was also found out that in the process of adiabatic transitions from the temperature T n to the temperature T d , minor pressure drops ∆p have been determined (see Table 3 and Fig. 3 ). As the external pressure p increases, the value of the ∆p decreases down to zero at the critical point M .
For each given value of the external pressure, there is a one-to-one relation between the supercooling ∆T and the pressure drop ∆p. This phenomenon of overlapping of ∆T and ∆p is illustrated in Fig. 6 I depicting the crystallization of benzene at the external pressure p = 500 atm. We see that ∆T is an increasing function of ∆p for p held constant. Table 2 provides the average values the experimental ∆T and ∆p for p held constant. As the external pressure p increases, both ∆T and ∆p decrease.
Concluding remarks
The near-equality of the densities (ρ l , ρ s ), implying the equality of the molar volumes (V l m , V s m ), and of the heat capacities at constant pressure (C l , C s ), shown in Table 3 , which take place in the near vicinity of the end-point M of metastability, are signs that M might behave as a critical point for the liquid-solid phase transition since the latter is almost continuous there. The only thing we have not empirically justified here is the equality of the molar entropies (S l m , S s m ) in the near vicinity of the end-point M . However, if we rely on the proportionality relation between ∆V m and ∆S m [29] , mentioned in Sec. 4, then (S l m , S s m ) are also almost equal at M . Despite that, many statements, made in the literature [29] , do not support the existence of a critical point for the liquid-solid phase transition, claiming that it is impossible for the transition to be continuous due to the structure differences between the solid and liquid phases.
Evidence for a second order pre-melting phase transition in benzene [30] constitutes a support to our findings (Table 3 ). This behavior of the solid benzene during melting was first noticed in Ref. [31] and later emphasized in Refs. [30, 32] . It was shown that the molar volume of solid benzene has almost no jump and follows a continuous function until a liquid phase is reached. In this work we, rather, focused on the liquid phase. Our results extend the previous conclusions to the liquid-to-solid transition where, in the near vicinity of the end-point M of metastability, the liquid molar volume and heat capacity approach those of the solid phase (see Table 3 ). These and previous conclusions characterize a two-way nearly second order phase transition. The end-point M of metastability shares some features with the universal liquid-to-gastransition and gas-to-liquid-transition critical point. The non-shared feature is that beyond the point M , while the above-mentioned physical properties (shown in Table 3 ) remain almost undistinguished between the two phases, the two liquid and solid phases are well distinguished as shown in Refs. [5, 21, 33, 34, 35, 36, 37] and their melting curve extends up to ∼5 GPa and ∼800 K.
High pressure leads to significant changes in the physical and chemical properties of substances. Benzene has many different crystal structures [21] , it is thus possible that, in the near vicinity of the end-point M , one of these crystal configurations is nearly similar (as discussed in Sec. 5), but with different molar entropy, to the liquid phase due to the high packing of its molecules. This is in some sense the essence of Ostwald's Stage Rule [38] which sates that the phase transition proceeds by steps gradually from a disordered phase (liquid) to less-ordered phase and so on to the most ordered phase (solid). That is, the transition evolves through a series of intermediate metastable phases of increasing stability [39] .
It is worth emphasizing that most workers had examined the solid-to-liquid transition upon fixing the temperature and dropping the pressure. In Ref. [7] and in the present work we focused on the liquid-to-solid transition upon fixing the pressure and dropping the temperature. This has allowed us to examine closely the metastability of supercooled benzene. It is this experimental procedure that leads to discover the end-point M of metastability and the liquid-solid shared properties in its vicinity. Such a point was never cited or discussed in the scientific literature.
